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Introduction
Non-coding RNAs (ncRNAs) are found throughout the genome. However, the functions of ncRNAs are only partially understood. The function and clinical significance of short ncRNAs, such as miRNA and siRNA were elucidated first, then, long ncRNAs were reported more recently. Most long ncRNAs work with DNA binding proteins, such as chromatin-modifying complexes, and epigenetically regulate the expression of multiple genes (1) (2) (3) . Hox transcript antisense intergenic RNA (HOTAIR) is a long ncRNA that was identified from a custom tilling array of the HOXC locus (12q13.13) (2) . HOTAIR trimethylates histone H3 lysine-27 (H3K27me3) of the HOXD locus with the polycomb repressive complex 2 (PRC2), which is composed of EZH2, SUZ12 and EED, and inhibits HOXD gene expression (2) . Thus, HOTAIR epigenetically regulates HOXD expression, located on a different chromosome. Gupta et al. reported that HOTAIR induced genome-wide re-targeting of PRC2, leading to H3K27me3, and promoted metastasis of breast cancer by silencing multiple metastasis suppressor genes (4) . In particular, they concluded that HOTAIR suppressed tumor suppressor genes such as HOXD10, PGR, and the Protocadherin gene family in breast cancer cells. HOTAIR expression was low in normal breast epithelia, but high in primary breast cancer as well as metastatic lesions. Moreover, breast cancer patients with high HOTAIR expression had a poorer prognosis for overall survival and for metastasis-free survival than did those with low HOTAIR expression.
Colorectal cancer (CRC) is the one of the most common cancers in the world.
However, the existence of multiple known carcinogens and varying genetic backgrounds makes it difficult to determine which factors are most important in the development of CRC. Therefore, the identification of a bona-fide molecule involved in progression of CRC has been greatly sought after. In the current study, we clarified the clinical significance of HOTAIR expression in CRC. Moreover, to determine the function of HOTAIR in CRC, we used cDNA microarray data from another subset of 32 CRC samples obtained by laser micro dissection (LMD). We performed Gene Set Enrichment Analysis (GSEA) and investigated whether HOTAIR expression was highly correlated with previously curated gene expression signatures of PRC2 (4). surgery. The follow-up periods ranged from two months to 11 years, with a mean of three years. HEK293T, HCT116 and SW480 cell lines were provided by the American Type Culture Collection (ATCC) and were maintained in DMEM, McCoy 5A, or RPMI1640, respectively, containing 10% fetal bovine serum with 100 units / mL penicillin and 100 μg / mL streptomycin and cultured in a humidified 5% CO 2 incubator at 37°C.
Materials and Methods

Clinical samples and cell lines
RNA preparation, reverse transcription and quantitative real time PCR
One hundred bulk samples
Total RNAs from frozen CRC samples were extracted using ISOGEN (Nippongene) following the manufacturer's protocol.
LMD samples
Total RNAs were extracted using QIAamp DNA Micro Kit (Qiagen) following the manufacturer's protocol.
As previously reported, cDNAs from all samples were synthesized from 8.0 μg of total RNA (5) . HOTAIR levels were quantified using LightCycler TM 480 Probes Master kit (Roche Applied Science) following the manufacturer's protocol with the following specific HOTAIR primers (forward, 5'-CAGTGGGGAACTCTGACTCG-3'; reverse, 5'-GTGCCTGGTGCTCTCTTACC-3'). HOTAIR levels were normalized to GAPDH (forward, 5'-GTCAACGGATTTGGTCTGTATT-3'; reverse, 5'-AGTCTTCTGGGTGGCAGTGAT-3').
Laser microdissection
RNAs from another 32 CRC tissues were collected for laser microdissection (LMD).
CRC tissues were microdissected using the LMD system (Leica Microsystems) as previously described (6). 
Matrigel invasion assay
The Matrigel invasion assay was done using the BD Biocoat Matrigel Invasion 
Statistical analysis
The significance of differences between two groups was estimated with Student's t test and 2 test. Overall survival curves were plotted according to the Kaplan-Meier method, with the log-rank test applied for comparison. Variables with a value of P < 0.05 by univariate analysis were used in subsequent multivariate analysis based on Cox proportional hazards model. All differences were considered statistically significant at the level of P < 0.05. Statistical analyses were done using JMP 5 (SAS Institute). HOTAIR expression levels in 100 cancerous (T) and noncancerous (N) tissues were examined by quantitative real time PCR. HOTAIR levels in cancerous tissues (T) were significantly lower than those in the noncancerous tissues (N) (P = 0.002, Fig. 1A) . We divided the 100 colorectal cancer patients into a high HOTAIR expression group (n = 20) and a low expression group (n = 80), according to a HOTAIR/GAPDH ratio of 0.273 in cancerous tissue (T) (Fig. 1B) . Clinicopathologic factors were analyzed in the high and low HOTAIR expression groups (Table. 1 ). The high HOTAIR expression group (n = 20) showed a less differentiated histology, greater tumor depth, and liver metastasis than the low HOTAIR expression group (n = 80, P < 0.05). In particular, high HOTAIR expression was strongly associated with liver metastasis (P = 0.006). With regard to overall survival, patients with high HOTAIR expression had a significantly poorer prognosis than did those with low HOTAIR expression (P = 0.0046, Fig. 1C ). Univariate analysis of overall survival revealed that the relative level of HOTAIR expression, histological grade, depth of tumor, lymph node metastasis, lymphatic invasion and venous invasion were prognostic indicators ( Table 2 ). Variables with a P value < 0.05 were selected for multivariate analysis. Multivariate analysis showed that HOTAIR expression was an independent prognostic indicator for overall survival in CRC patients (RR: 5.62 P = 0.008, Table 2 ). Moreover, we asked whether high HOTAIR expression 
Results
HOTAIR expression and clinicopathologic factors in CRC
contributed to poor prognosis in another independent subgroup. Using exon array data from 320 CRC patients, we divided the cases according to the median, yielding a high HOTAIR expression group (n = 160) and a low expression group (n = 160). The patients in the high HOTAIR expression group had a significantly poorer prognosis than did those in the low expression group (P < 0.0001, Supplementary Fig. S1 ) 
(occupancy of SUZ12, EZH2, and H3K27me3) (P = 0.032 and FDR = 0.024) were confirmed to be significantly enriched in CRC (Fig. 2A, Fig. 2B ). Moreover, these enriched genes were expressed at lower levels in tumors with high HOTAIR expression than in those with low HOTAIR expression (Supplementary Fig. S2 ). These results suggest that HOTAIR expression induced genome-wide re-targeting of PRC2, not only in breast cancer but also in CRC.
HOTAIR promotes invasion of CRC cells
Finally, we examined the effect of HOTAIR in CRC cells. We determined HOTAIR levels in CRC cell lines by quantitative real time PCR (Supplementary Fig. S3A ). We generated lentivairal HOTAIR expression vectors which were transduced to HCT116, c CRC cell line (Supplementary Fig. S3B ). HOTAIR overexpression in HCT116 significantly promoted invasion in Matrigel (P < 0.05, Fig. 3A) . Conversely,
suppression of HOTAIR in SW480 CRC cells (that expressed endogenous HOTAIR)
with specific siRNAs decreased invasion in Matrigel (P < 0.05, Fig. 3B , Supplementary   Fig. S3C ). 
Discussion
In our current study, we found that HOTAIR expression levels in CRC tissues were higher than those in corresponding noncancerous tissues. Moreover, high HOTAIR expression in CRC tissues was associated with a poorer prognosis. As for CRC samples to show that HOTAIR works in cooperation with the PRC2. It was previously shown that the PRC2 bound to the 5' terminus of HOTAIR, and trimethylated H3K27 (12) . Also, the LSD1/CoREST/REST bound to the 3' terminus of HOTAIR, which demethylated H3K4 (12) . Thus, the modifications of those DNA binding proteins by HOTAIR regulate global gene expression.
EZH2 and SUZ12, the components of PRC2, are overexpressed in several cancers (13, 14) . In particular, SUZ12 is reportedly overexpressed in CRC (15 -17) .
Thus, it is interesting that the current study identified an association between HOTAIR and SUZ12 in cancer-specific GSEA. Moreover, PRC2-targeted genes were identical to gene sets that were silenced by pluripotent stem cell-related transcription factors such as cancer cells, which enhances the metastatic ability of CRC.
In conclusion, HOTAIR regulates expression of multiple genes in cooperation with PRC2 and is a novel molecule involved in the progression of CRC. HOTAIR might increase the number of undifferentiated cancer cells and contribute globally to cancer metastasis.
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